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(57) ABSTRACT 

A System and method for identifying objects of interest in 
image data is provided. The present invention utilizes prin 
ciples of dynamic discontinuity in which objects in images, 
when Subjected to special transformations, will exhibit radi 
cally different responses based on the chemical properties of 
the imaged objects. Using the System and methods of the 
present invention, certain objects that appear indistinguish 
able from other objects to the eye or computer recognition 
Systems, or are otherwise Statistically identical, generate 
radically different and Statistically significant differences 
that can be easily measured. 
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SYSTEMAND METHOD FOR IDENTIFYING 
OBJECTS OF INTEREST IN IMAGE DATA 

REFERENCE TO RELATED APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Patent Application No. 60/574,220, filed May 26, 2004, U.S. 
Provisional Patent Application No. 60/574,221, filed May 
26, 2004, U.S. Provisional Patent Application No. 60/578, 
872 filed Jun. 14, 2004 and U.S. Provisional Application No. 
60/661,477, filed Mar. 15, 2005, which are incorporated 
herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. This invention relates to image analysis and, more 
Specifically, to a System and method for identifying objects 
of interest in image data. 
0004 2. Background of the Related Art 
0005 Computer-aided image recognition systems rely 
Solely on the pixel content contained in a two-dimensional 
image. The image analysis relies entirely on pixelluminance 
or color, and/or spatial relationship of pixels to one another. 
In addition, image recognition Systems utilize Statistical 
analysis methodologies that must assume that the forms of 
the underlying density (distribution) functions distinguish 
ing the image objects are known (i.e., parametric densities). 
Classical parametric densities are usually unimodal with a 
Single local maximum distribution of optic characteristics, 
Such as density or color. 
0006. However, most real-world image analysis prob 
lems involve multi-modal densities, often with distributed 
low-dimensional densities making identification with exist 
ing pattern recognition approaches difficult, if not impos 
Sible. The following are Some of the Specific issues limiting 
existing image analysis methodologies: 

0007 (1) input data (image objects) need to be para 
metric, 

0008 (2) did not adjust for scale, rotation, perspective, 
size, etc., 

0009 (3) classes of objects need to be statistically 
distinct in the image; 

0010 (4) black and white and grayscale processing is 
insufficient to identify complex images, and 

0011 (5) color processing can be very computationally 
intensive. 

SUMMARY OF THE INVENTION 

0012. An object of the invention is to solve at least the 
above problems and/or disadvantages and to provide at least 
the advantages described hereinafter. 
0013 Therefore, an object of the present invention is to 
provide an expert System capable of detecting objects of 
interest in image data with a high degree of Statistical 
confidence and accuracy. 
0.014) Another object of the present invention is to pro 
vide a System and method that does not rely on a prior 
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knowledge of an objects shape, Volume, texture or density to 
be able to locate and identify a specific object or object type 
in an image. 

0015. Another object of the present invention is to pro 
vide a System and method of identifying objects of interest 
in image data that is effective at analyzing images in both 
two- and three-dimensional representational Space using 
either pixels or Voxels. 
0016. Another object of the present invention is to pro 
vide a System and method of distinguishing a class of known 
objects from objects of Similar color and texture in image 
data, whether or not they have been previously observed by 
the System. 

0017 Another object of the present invention is to pro 
vide a System and method of identifying objects of interest 
in image data that works with very difficult to distinguish/ 
classify image object types, Such as: (i) random data; (ii) 
non-parametric data; and (iii) different object types in origi 
nal images. 

0018. Another object of the present invention is to pro 
vide a System and method of identifying objects of interest 
in image data that can cause either convergence or diver 
gence of image object characteristics. 

0019. Another object of the present invention is to pro 
vide a System and method of identifying objects of interest 
in image data that can preserve object Self-similarity during 
transformations. 

0020. Another object of the present invention is to pro 
vide a System and method of identifying objects of interest 
in image data that is deterministic and Stable in its behavior. 

0021. To achieve the at least above objects, in whole or 
in part, there is provided a method of identifying a threat 
object of interest in X-ray image data, comprising receiving 
the X-ray image data, and applying at least one bifurcation 
transform to the X-ray image data to effect divergence of the 
threat object of interest from other objects. 

0022. To achieve the at least above objects, in whole or 
in part, there is also provided an apparatus configured to 
identify a threat object of interest in X-ray image data, 
comprising an input device configured to receive the X-ray 
image data, and an image transformation recognition System 
configured to apply at least one bifurcation transform to the 
X-ray image data to effect divergence of the threat object of 
interest from other objects. 

0023 To achieve the at least above objects, in whole or 
in part, there is also provided a method of creating a 
bifurcation transform for a class of threat objects, compris 
ing Selecting a point operation, performing Said point opera 
tion on a Subset of images, wherein Said Subset of images 
includes at least one image containing an object in Said class 
of threat objects, and repeating Said Selecting and Said 
performing Steps until Said point operation bifurcates Said 
object. 

0024. Additional advantages, objects, and features of the 
invention will be set forth in part in the description which 
follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following 
or may be learned from practice of the invention. The objects 
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and advantages of the invention may be realized and attained 
as particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.025 The patent or application file contains at least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawing(s) will be pro 
vided by the Patent Office upon request and payment of the 
necessary fee. 

0026. The invention will be described in detail with 
reference to the following drawings, in which like reference 
numerals refer to like elements, wherein: 

0027 FIG. 1 is a bifurcation diagram; 
0028 FIG. 2 is a block diagram of a system for identi 
fying an object of interest in image data, in accordance with 
one embodiment of the present invention; 
0029 FIG.3 is a flowchart of a method for identifying an 
object of interest in image data, in accordance with one 
embodiment of the present invention; 
0030 FIGS. 4A-4E are histograms of various point 
operations, in accordance with the present invention; 
0031 FIGS. 5A-5C are histograms of nonlinear point 
operations, in accordance with the present invention; 
0.032 FIG. 6A is an input X-ray image of a suitcase, in 
accordance with the present invention; 
0033 FIG. 6B is the X-ray image of FIG. 6a after 
application of the image transformation recognition proceSS 
of the present invention; 
0034 FIG. 7 is a flowchart of a method for identifying an 
object of interest in image data, in accordance with another 
embodiment of the present invention; 
0035 FIGS. 8A-8M are X-ray images of a suitcase at 
different Stages in the image transformation recognition 
process of the present invention; 

0036 FIG. 8N is an example of a bifurcation transform 
applied to an X-ray image during the image transformation 
recognition process of the present invention; 
0037 FIG. 9A is an original input medical image of 
normal and cancerous cells, 

0038 FIG.9B is the image of FIG. 9A after application 
of the image transformation recognition process of the 
present invention; 
0.039 FIG. 10A is an original input ophthalmology 
image of a retina; 
0040 FIG. 10B is the image of FIG. 10A after applica 
tion of the image transformation recognition process of the 
present invention; 

0041) 
0042 FIG. 11B is the image of FIG. 11A after applica 
tion of the image transformation recognition process of the 
present invention; 
0.043 FIG. 12A is another original input astronomical 
image; and 

FIG. 11A is an original input astronomical image; 
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0044 FIG. 12B is the image of FIG. 12A after applica 
tion of the image transformation recognition process of the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Definition of Terms 

004.5 The following definitions hold throughout the con 
tents of this application. If additional or alternative defini 
tions of the same or similar words are provided herein, those 
definitions should be included herein as well. 

0046 Statistically identical: Two sets of data are referred 
to as “Statistically identical” if under one or more types of 
Statistics or observation there is essentially no discernable 
difference between them. 

0047 Point operation: Point operation is a mapping of a 
plurality of data from one Space to another space which, for 
example, can be a point-to-point mapping from one coor 
dinate System to a different coordinate System. Such data can 
be represented, for example, by coordinates Such as (x, y) 
and mapped to different coordinates (C.B) values of pixels in 
an image. 

0048 Zeffective (Z): Is the effective atomic number for 
a mixture/compound of elements. It is an atomic number of 
a hypothetical uniform material of a single element with an 
attenuation coefficient equal to the coefficient of the mixture/ 
compound. Z effective can be a fractional number and 
depends not only on the content of the mixture/compound, 
but also on the energy spectrum of the X-rayS. 
0049 Transform: A transform is an operation that 
changes or transforms a first Set of data points into a Second 
Set of data points. 
0050 Bifurcate: To bifurcate is to cause a data set to 
change in a manner Such that information that was otherwise 
not readily or easily obtainable becomes available or acces 
sible. 

0051 Bifurcation transform: A bifurcation transform is a 
transform which when operating on data Such as a Segment 
or Subset of an image, causes information relating to the 
content of the data that otherwise would not have been 
readily or easily apparent to become available or more easily 
apparent or accessible. 
0052 For example, when applying a bifurcation trans 
form to an image or a Segment of the image, information 
regarding the contents of the image which would not have 
been easily recognized prior to application of the bifurcation 
transform becomes more apparent or known. For example, 
two objects in the same image that are Statistically indistin 
guishable become Statistically distinguishable after the 
bifurcation transform is applied. 
0053 Hyperspectral data: Hyperspectral data is data that 
is obtained from a plurality of Sensors at a plurality of 
wavelengths or energies. A Single pixel or hyperspectral 
datum can have hundreds or more values, one for each 
energy or wavelength. Hyperspectral data can include one 
pixel, a plurality of pixels, or a Segment of an image of 
pixels, etc., with Said content. AS contained herein, it should 
be noted that hyperspectral data can be treated in a manner 
analogous to the manner in which data resulting from a 
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bifurcation transform is treated throughout this application 
for Systems and methods for threat or object recognition, 
identification, image normalization and all other processes 
and Systems discussed herein. 
0.054 For example, a bifurcation transform can be 
applied to hyperspectral data in order to extract information 
from the hyperspectral data that would not otherwise have 
been apparent. Bifurcation transforms can be applied to a 
plurality of pixels at a single wavelength of hyperspectral 
data or multiple wavelengths of one or more pixels of 
hyperspectral data in order to observe information that 
would otherwise not have been apparent. 
0.055 Nodal point: A nodal point is a point on a transform 
at which pixels close to the nodal point can observe a 
Significantly distinguishable change in value upon applica 
tion of the transform. 

0056. Object: An object can be a person, place or thing. 
0057 Object of interest: An object of interest is a class or 
type of object Such as explosives, guns, tumors, metals, 
knives, etc. An object of interest can also be a region with 
a particular type of rocks, vegetation, etc. 
0.058 Threat: A threat is a type of object of interest which 
typically but not necessarily could be dangerous. 
0059) Image receiver: An image receiver can include a 
process, a processor, Software, firmware and/or hardware 
that receives image data. 
0060 Image mapping unit: An image mapping unit can 
be a processor, a process, Software, firmware and/or hard 
ware that maps image data to predetermined coordinate 
Systems or spaces. 

0061 Comparing unit: A comparing unit can be hard 
ware, firmware, Software, a proceSS and/or processor that 
can compare data to determine whether there is a difference 
in the data. 

0.062 Color space: A color space is a space in which data 
can be arranged or mapped. One example is a Space asso 
ciated with red, green, blue (RGB). However, it can be 
asSociated with any number and types of colors or color 
representations in any number of dimensions. 
0.063 Predetermined color space: A predetermined color 
Space is a Space that is designed to represent data in a manner 
that is useful and that could, for example, causes information 
that may not have otherwise been apparent to present itself 
or become obtainable or more apparent. 
0064) RGB DNA: RGB DNA refers to a representation in 
a predetermined color Space of most or all possible values of 
colors which can be produced from a given image Source. 
Here, the values of colors again are not limited to visual 
colors but are representations of values, energies, etc., that 
can be produced by the image System. 
0065 Signature: A signature can be a representation of an 
object of interest or a feature of interest in a predetermined 
Space and a predetermined color Space. This applies to both 
hyperspectral data and/or image data. 
0.066 Template: A template is part or all of an RGB DNA 
and corresponds to an image Source or that corresponds to a 
feature or object of interest for part or all of a mapping to a 
predetermined color Space. 
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0067 Algorithms: From time to time, transforms and/or 
bifurcation transforms are referred to herein as algorithms. 
0068 Algorithms and systems discussed throughout this 
application can be implemented using Software, hardware, 
and firmware. 

0069. The analysis capabilities of the present invention 
can apply to a multiplicity of input devices created from 
different electromagnetic and Sound emanating Sources Such 
as ultraViolet, Visual light, infra-red, gamma particles, alpha 
particles, etc. 

Image Transformation Recognition System and 
Method-General Overview 

0070 The present invention identifies objects of interest 
in image data utilizing a process herein termed “Image 
Transformation Recognition” (ITR). The ITR process can 
cause different yet Statistically identical objects in a Single 
image to diverge in their measurable properties. This phe 
nomenon can be compared to the dynamic discontinuities 
observed in other fields of Science, Such as fluid mechanics. 
An aspect of the present invention is the discovery that 
objects in images, when Subjected to Special transforma 
tions, will exhibit radically different responses based on the 
physical properties of the imaged objects. Using the System 
and methods of the present invention, certain objects that 
appear indistinguishable from other objects to the eye or 
computer recognition Systems, or are otherwise Statistically 
identical, generate radically different and statistically sig 
nificant differences that can be measured. 

0071 An aspect of the present invention is the discovery 
that objects in images can be driven to a point of non 
linearity by certain transform parameters. AS these transform 
parameters are increased, the behavior of the System 
progresses from one of Simple Stability, through a Series of 
Structural changes, to a State of a unique and radical change 
based on the interaction of the real object to the imaging 
modality characteristics. This point of rapid departure from 
stability is called the “point of bifurcation.” Bifurcation 
theory, Simply Stated, means “applying a little bit to achieve 
a big difference.” 
0072 FIG. 1 is an example of a bifurcation diagram. A 
Single object type in an image is represented as a simple 
point on the left of the diagram. There are Several branches 
in the diagram as the line progresses from the original image 
representation on the left, indicating node points where 
bifurcation occurs. Finally, on the far right, the image moves 
into what Catastrophe theory describes as chaos. Between 
the original image and chaos lies the basis for discrimination 
in the System and methods of the present invention. 
0073 Catastrophe theory, of which bifurcation theory is 
a Subset, indicates that a dynamical System is or can become 
chaotic if it: (1) has a dense collection of points; (2) is 
Sensitive to the initial condition of the System (So that 
initially nearby points can evolve quickly into very different 
States); and (3) is topologically transitive (neighborhoods of 
points eventually get flung out to “big” Sets). 
0074 Images meet all three of the above criteria. An 
aspect of the present invention is that one can apply this 
“principle of bifurcation” to the apparent (non-dynamic) 
Stability of fixed points or pixels in an image and, by altering 
one or more parameter values, give rise to a set of new, 
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distinct and clearly divergent image objects. Because each 
original object captured in an image responds uniquely at its 
point of bifurcation, the methods of the present invention 
can be used in an image recognition System to distinguish 
and measure objects. It is particularly useful in Separating 
and identifying objects that have almost identical color, 
density and Volume. 
0075) The ITR system and method provides at least the 
following advantages over prior image extraction method 
ologies: 

0076 (1) It is an expert system capable of detecting 
objects with a high degree of Statistical confidence and 
accuracy/precision; 

0077 (2) It does not rely on a prior knowledge of an 
objects shape, Volume, texture or density to be able to 
locate and identify a specific object or object type in the 
image, 

0078 (3) It is effective at analyzing images in multi 
dimensional representational Space using either pixels 
or Voxels; 

0079 (4) It is most powerful where a class of known 
objects is to be distinguished from objects of Similar 
color and texture, whether or not they have not been 
previously observed or trained by the ITR system; 

0080 (5) It works with very difficult to distinguish/ 
classify image object types, Such as: (i) random data; 
(ii) non-parametric data; and (iii) different object types 
in original images (threats and non-threats for example 
or different types of threats) have indistinguishable 
differences between their features when analyzed Sta 
tistically (they continually are determined to be in the 
Same class when applying pattern recognition/statisti 
cal analytic methods); 

0081 (6) It performs equally well with both parametric 
and nonparametric Statistical data Sampling techniques, 

0082 (7) It can more effectively apply statistical analy 
Sis tools to distinguish data; 

0083 (8) It can cause either convergence or divergence 
of image object features, 

0084 (9) It can preserve object geometrical integrity 
during transformations, and 

0085 (10) It is deterministic and stable in its behavior. 
0.086. In one exemplary embodiment of the present 
invention, Special transformations are applied to images in 
an iterative “filter chain' Sequence. This proceSS is herein 
referred to as a Simple Signature Iterative Clustering (SSIC) 
proceSS. 

0087. The nature of the sequence of transforms causes 
objects in the image to exhibit radically different responses 
based on the physical properties inherent in the original 
objects. Using the SSIC process, certain objects that appear 
indistinguishable to the eye or computer recognition Systems 
from other objects, generate radically different and Statisti 
cally significant differences that can be easily measured. 
0088 AS transform parameters are increased, the behav 
ior of the objects progresses from one of Simple Stability, 
through a Sequence of Structural changes, to a State of a 
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unique and radical change (point of non-linearity) based on 
the interaction of the real object to the imaging modality 
characteristics. 

0089. The ITR process works with an apparently stable 
Set of fixed points or pixels in an image and, by altering one 
or more parameter values, giving rise to a set of new, 
distinct, and clearly divergent image objects. The ITR pro 
ceSS is most effective when applied to images that exhibit the 
following three characteristics: 

0090 (1) The image has a dense collection of points; 
0091 (2) The image is sensitive to the initial condition 
of the System (So that initially nearby points can evolve 
quickly into very different States); and 

0092 (3) The image is topologically transitive (neigh 
borhoods of points eventually get flung out to “big” Sets 
in color Space). 

0093. Because of the nature of the transformations known 
and utilized in the Science of digital image processing to 
date, the ITR system and method of the present invention 
has neither been known nor utilized. Commonly used and 
understood transforms work within the domain where 
images maintain equilibrium. These transforms do not work 
where image/object discontinuities occur. 
0094. As will be discussed in more detail below, the ITR 
method starts by first Segmenting the image into objects of 
interest, then applying different filter sequences to the same 
original pixels in the identified objects of interest using the 
process. In this way, the process is not limited to a linear 
Sequence of filter processing. 
0095 Because of the unique nature of the segmentation 
process using this iterative approach, objects within objects 
can be examined. AS an example, an explosive inside of a 
metal container can be located by first locating all contain 
ers, remapping the original pixel data with known coordi 
nates in the image and then examining the remapped original 
pixels in the identified object(s) in the image for threats with 
additional filter Sequences. 
0096] With the ITR process, transforms can be tuned to 
optimize clustering of imageS. In addition, the process works 
for both image Segmentation and feature generation through 
an iterative process of applying image transforms. It is 
defined mathematically as a reaching a "Point of Attraction'. 

EXEMPLARY EMBODIMENTS 

0097 FIG. 2 is a block diagram of a system 100 for 
identifying an object of interest in image data, in accordance 
with one embodiment of the present invention. The system 
100 comprises an input channel 110 for inputting image data 
120 from an image source (not shown) and an ITR system 
130. The ITR system generates transformed image data, in 
which the object of interest is distinguishable from other 
objects in the image data. 
0098. The operation of the ITR system 130 of FIG.2 will 
now be explained in connection with FIG. 3, which is a 
flowchart of a method for identifying an object of interest in 
image data, in accordance with one embodiment of the 
present invention. The method starts at step 100, where 
image data 120 is received via the input channel 110. The 
object of interest can be any type of object. For example, the 
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object of interest can be a medical object of interest, in 
which case the image data can be computer tomography 
(CT) image data, X-ray image data, or any other type of 
medical image data. AS another example, the object of 
interest can be a threat object, Such as weapons, explosives, 
biological agents, etc., that may be hidden in luggage. In the 
case, the image data is typically X-ray image data from 
luggage Screening machines. 

0099. At step 210, at least one bifurcation transform is 
applied to the image data 120 by the ITR system 130, and 
transformed image data 140 is generated. The at least one 
bifurcation transform is adapted to cause the object of 
interest to diverge from other objects in the image. The at 
least one bifurcation transform will be discussed in more 
detail below. 

0100 Next, at step 220, the object of interest is identified 
in the transformed image data 140 based on the object's 
response to the at least one bifurcation transform. 
0101 The at least one bifurcation transform is preferably 
a point operation. A point operation converts a Single input 
image into a Single output image. Each output pixel’s value 
depends only on the gray level of its corresponding pixel in 
the input image. Input pixel coordinates correlate to output 
pixel coordinates Such that X,Y >X, Y. A point operation 
does not change the Spatial relationships within an image. 
This is quite different from local operations where the value 
of neighboring pixels determines the value of the output 
pixel. 

0102 Point operations can correlate both gray levels and 
individual color channels in images. One example of a point 
operation is shown in the histogram of FIG. 4A. In FIG. 4, 
8 bit (256 shades of gray) input levels are shown on the 
horizontal axis and output levels are shown on the vertical 
axis. If one were to apply the point operation of FIG. 4 to 
an input image, there would be a 1 to 1 correlation between 
the input and the output (transformed) image. Thus, input 
and output images would be the same. 
0103 Point operations are predictable in how they 
modify the gray-level histograms of an image. Point opera 
tions are typically used to optimize images by adjusting the 
contrast or brightness of an image. This process is known as 
contrast enhancing or gray-Scale transformations. They are 
typically used as a copying technique, except that the gray 
levels are modified according to the Specified gray-Scale 
transformation function. Point operations are also typically 
used for photometric calibration, contrast enhancement, 
monitor display calibration, thresholding and clipping to 
limit the number of levels of gray in an image. The point 
operation is Specified by the transformation function and can 
be defined as: 

0104 where A is an input image and B is an output 
image. 

0105 The at least one bifurcation transform used in the 
ITR system 130 can be either linear or non-linear point 
operations, or both. Linear point operations contain Straight 
lines in their histogram representation, while non-linear 
(logarithmic, exponential, and hyperbolic/parabolic) point 
operations have curved lines. Non-linear point operations 
are used for changing the brightness/contrast of a particular 
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part of an image relative to the rest of the image. This can 
allow the midpoints of an image to be brightened or dark 
ened while maintaining blacks and white in the picture. 
0106 FIG. 4B is a histogram a linear point operation, 
and FIGS. 4C-4E are histograms of some non-linear point 
operations. An aspect of the present invention is the discov 
ery that point operations can be used as bifurcation trans 
forms for bringing images to a point of non-linearity. This 
typically requires a radical change in the output Slope of the 
resultant histogram, Such as that provided in the point 
operation illustrated by the histogram of FIG. 5A. 
0107 The present invention utilizes radical grayscale, 
color channel or a combination of luminance and color 
channel bifurcation transforms (point operations) to achieve 
image object bifurcation for purposes of image analysis and 
pattern recognition of objects. The placement of the nodal 
points in the bifurcation transform is one key parameter. An 
example of nodal point placements are shown in the bifur 
cation transform example illustrated by the histogram of 
FIG. 5B. The nodal points in the bifurcation transforms 
(point operations) used in the present invention are placed So 
as to frequently create radical differences in color or lumi 
nance between image objects that otherwise Statistically 
identical. 

0108. This is illustrated in the sample bifurcation trans 
form of FIG. 5C. Using this bifurcation transform, two 
objects that are very close in color/luminance in an original 
image would be on opposite sides of a grayScale represen 
tation in the output (transformed) image. FIG. 6A shows an 
input image, and FIG. 6B shows the changes made to the 
input image (the transformed image obtained) as a result of 
applying the bifurcation transform of FIG. 5C. The input 
image is an X-ray image of a Suitcase taken by a luggage 
scanner. In this example, the objects of interest are shoes 300 
and a bar 310 on the left side of the Suitcase. 

0109) Note that the orange background has gone a very 
different color from the shoes 300 and the bar 310 on the left 
side of the Suitcase. The bifurcation transform of FIG. 5C 
uniquely delineates the objects of interest, while eliminating 
the background clutter in the image. 

0110 AS can be seen by the input and transformed 
images shown in FIGS. 6A and 6B, respectively, the orange 
background in the image makes a radical departure from the 
orange objects of interest (300 and 310) and other objects 
that are almost identical to the objects of interest. The use of 
different nodal points in the bifurcation transform will cause 
the objects of interest to exhibit a different color from other 
objects. 

0111 Data points connecting the nodes can be calculated 
using Several established methods. A common method of 
mathematically calculating the data points between nodes is 
through the use of cubic Splines. 
0112 Additional imaging processes are preferably 
applied in the process of object recognition to accomplish 
Specific tasks. Median and dilate algorithms cause neigh 
boring pixels to behave in Similar ways during the bifurca 
tion transformation, and may be applied to assure the 
objects integrity during the transformation process. 

0113 FIG. 7 is a flowchart of a method for identifying an 
object of interest in image data, in accordance with another 
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embodiment of the present invention. The method steps in 
the flowchart of FIG. 7 will be explained with reference to 
the images shown in FIGS. 8A-8M, which are X-ray images 
of a Suitcase at different Stages in the ITR process. These 
images are just one example of the types of images that can 
be analyzed with the present invention. Other types of 
images, e.g., medical images from X-ray machines or CT 
Scanners, or quantized photographic images can also be 
analyzed with the System and methods of the present inven 
tion. 

0114. The method starts at step 400, where the original 
image, Such as the Suitcase image shown in FIG. 8A, is 
received. The sample image shown in FIG. 8A contains 
clothing, Shoes, cans of Spray, a hair dryer, a jar of peanuts, 
peanut butter, a bottle of water, fruit and the object of 
interest. 

0115. At step 410, the image is segmented by applying a 
color determining transform that affect Specifically those 
objects that match a certain color/density/effective atomic 
number characteristics. Objects of interest are isolated and 
identified by their responses to the sequence of filters. The 
image Segmentation Step is preferably a Series of Sub-StepS. 
FIGS. 8B-8H show the image after each segmentation 
sub-step. The resulting areas of green in FIG. 8G are 
analyzed to see if they meet a minimum size requirement. 
This removes the Small green pixels. The remaining objects 
of interest are then re-mapped to a new white background, 
resulting in the image of FIG. 8H. Most of the background, 
organic Substances, and metal objects are eliminated in this 
step, leaving the water bottle 500, fruit 510, peanut butter 
520 and object of interest 530. 
0116. At step 420, features are extracted by subjecting the 
original pixels of the areas of interest identified in step 410 
to at least one feature extraction process. It is at this step that 
at least one bifurcation transform is applied to the original 
pixels of the areas of interest identified in step 410. 
0117. In the image examples shown in FIGS. 8-8M, two 
feature extraction processes are applied. The first proceSS in 
this example uses the following formulation (in the order 
listed): 

0118 (1) Replace colors 
0119 (2) Maximum filter 3x3 
0120 (3) Median filter 3x3 
0121 (4) Levels and Gamma Luminance=66 black 
level and 255 white level and Green levels=189 black, 
255 white and gamma=9.9 
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0122) (5) Apply bifurcation transform 

0123 (6) Maximum filter 3x3 
0.124 (7) Replace black with white 

0.125 (8) Median filter 3x3 
0.126 The image shown in FIG. 8 results after process 
step (4) above, the image shown in FIG. 8J results after 
process step (5) above, and the image shown in FIG. 8K 
results after process step (7) above. Note that most of the 
fruit 510 and the water bottle 500 pixels on the lower 
left-hand side of the image in FIG. 8K have either disap 
peared or gone to a white color. This is in contrast to the 
preservation of large portions of the peanut butter jar 520 
pixels and object of interest 530 pixels, which are now 
remapped to a new image in preparation for the Second 
feature extraction process. 

0127. The second feature extraction process applied as 
part of step 420 distinguishes the two remaining objects 520 
and 530. Replace color algorithms (same as process step (2) 
above) are applied, then two levels (two of process step (4) 
above) and then the bifurcation transform shown in FIG. 8N 
is applied. FIG. 8L shows the image after replace color 
algorithms and two levels are applied. FIG. 8M shows the 
image after the bifurcation transform of FIG. 8N is applied. 

0128. At step 430, the objects are classified based on their 
response at the feature extraction step (step 420). The object 
of interest 530 is measured in this process for its orange 
content. The peanut butterjar 520 shows green as its primary 
vector, and is therefore rejected. At Step 440, the remaining 
object 530 is identified as an object of interest. 

0.129 Determination of distinguishing vectors generated 
at step 420 is determined by statistical analysis of both 
objects of interest and other possible objects. This can be 
accomplished by applying existing Statistical analysis. One 
example of a decision tree based on one process, along with 
a sample logic rule set for the decision tree (which is 
integrated into Software) is shown below in Appendix A. In 
one approach, only leafs that show 100%/0% differences 
between objects with no overlap are used. 

0.130. This is then entered into code and accessed from an 
object oriented Scripting language called TAL. TAL (Threat 
Access Language) is linked to functions and logic in the 
PinPoint Software code. Its design allows for rapid extension 
of the principals to new objects of interest. A Sample of TAL 
is shown below. 

call show msg(“C4 Process 3a) 
endif 
call set gray threshold (255) 
call set area threshold(400) 
call color replace and (image wrk,dont care,dont care.greater than,0,0,45,255.255.255) 
call color replace and (image wrk, less than,dont care, less than, 128,0,15,255.255.255) 
call apply curve(image wrkpurple path) 
call color replace and (image wrkeduals,equals,equals,65,65,65.255.255.255) 
call color replace and (image wrkeduals,equals,equals,0.255.0.255.255.255) 
call color replace and (image wrkgreater thanequals,equals,150,0.255.0.255.0) 
call color replace and (image wrkeduals,equals,equals,0,0,255.255.255.255) 
call color replace and (image wrk,dont care, less than, less than, 0.255.255.255.255.255) 
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call color replace and(image wrk,dont careequals,dont care,0,0,0,255.255.255) 
#if (show EOP = 1) 
# call display and wait(image wrk) 
#endilf 
call pix map = get first aoi (image wrk,ALLCHAN,1,0) 
if (pix map = 0) 

jump (odone with file 
endif 
call destroy pixmap(AOI wrk) 
call AOI wrk = copy pixmap 
call color replace (image timp.greater than, greater than, greater than,-1.-1.-1.255.255.255) 
aoinum = 1 
GC4loop3 

call show AOI bounding box() 
# if(show AOI = 1) 
# call display and wait(AOI wrk) 
# endif 

call AOI masked = get pixmap from bbox(scan org.0) 
call image timp2 = composite aoi (image timp.AOI masked.255.255.255) 
call destroy pixmap(image timp) 
call image timp = copy pixmap(image timp2) 
call destroy pixmap(image timp2) 
call destroy pixmap(AOI masked) 
call pix map = get next aoi () 
if (pix map = 0) 

call destroy aoi list() 
jump (GC4Process3b 

endif 
call destroy pixmap(AOI wrk) 
call AOI wrk = copy pixmap 
aoinum = aolinum + 1 

jump (GC4loop3 

0131) A second pass is now made with all images. The 
rules defined above can now eliminate objects identified in 
proceSS 1. A Second process that follows the logic rules will 
now create objects of new colors for the remaining objects 
of interest. The vectors (metrics) of the transformed objects 
of interest are examined. Multiple qualitative approaches 
may be used in the evaluation of the objects, Such as 
prototype performance and figure of merit. Metrics in the 
Spatial domain, Such as image amplitude (luminance, tris 
timulus value, spectral value) utilizing different degrees of 
freedom, the quantitative shape descriptions of a first-order 
histogram, Such as Standard Deviation, Mean, Median, 
Skewness, Kurtosis, Energy and Entropy, % Color for red, 
green, and blue ratios between colors (total number of 
yellow pixels in the object/the total number of red pixels in 
the object), object Symmetry, are Some, but not all, of the 
possible measurements that can be used. Additional metrics 
can be created by applying spectrally-based processes Such 
as Fourier and Wavelet transforms to the previously modi 
fied objects of interest or by analyzing eigenvalue plots 
produced from a Principal Components Analysis. 
0132 A color replacement technique is used to further 
emphasize tendencies of color changes. For example, 
objects that contain a value on the red channeld 100, can be 
remapped to a level of 255 red so all bright red colors are 
made pure red. This is used to help identify metal objects 
that have varying densities. The ratio of these two colors is 
now a fixed ratio between the two. Color 1/Color 2=Invari 
ant Ratio (IR). 
0133. This IR can now help indicate the presence of a 
certain metal objects regardless of its orientation in the 
image. It can also be correlated to geometric measurements 
using tools that determine boundaries and shapes. An 

example would be the correlation of IR with boundaries and 
centroid location. Other process may additionally be used as 
well. 

0134) The system and methods of the present invention 
are based on a methodology that is not restricted to a specific 
image type or imaging modality. It is capable of identifying 
and distinguishing a broad range of object types acroSS a 
broad range of imaging applications. It works equally as 
well in applications such as CT scans, MRI, PET scans, 
mammography, cancer cell detection, geographic informa 
tion Systems, and remote Sensing. It can identify and dis 
tinguish metal objects as well. 

0135) In medicine, the present invention is capable of, for 
example, distinguishing cancer cell growth in blood Samples 
and is being tested with both mammograms and X-rays of 
lungs. For example, FIG. 9A Shows an original input image 
with normal and cancerous cells. FIG. 9B shows the image 
after the ITR process of the present invention has been 
applied, with only cancer cells showing up in green. 

0.136 Another example of a medical application for the 
present invention is shown in FIGS. 10a and 10b. FIG. 10a 
shows an original ophthalmology image of the retina. FIG. 
10b shows the image after the ITR process of the present 
invention have been applied, with the area of interest defined 
in red. 

0.137 The statistical processing provided by the present 
invention can be extended to integrate data from a patient's 
familial history, blood tests, x-rays, CT, PET (Positron 
Emission Tomography), and MRI scans into a single inte 
grated analysis for radiologists, oncologists and the patient's 



US 2006/0013463 A1 

personal physician. It can also assist drug companies in 
reducing costs by minimizing testing time for new drug 
certification. 

0.138. The present invention can also be used to identify 
areas of interest in astronomical images, as shown in FIGS. 
11a and 11b. FIG. 11a shows an original astronomical 
image. The original image of FIG. 11a shows limited 
temperature and structural differentiation. FIG. 11b shows 
the astronomical image after the ITR process of the present 
invention has been applied. Significant additional detail can 
be distinguished in the processed image of FIG. 11b. 
0139 FIGS. 12a and 12b show another astronomical 
image before the ITR process (FIG. 12a) and after the ITR 
process (FIG. 12b). 
0140. The ITR system 130 can be implemented with a 
general purpose computer. However, it can also be imple 
mented with a Special purpose computer, programmed 
microprocessor or microcontroller and peripheral integrated 
circuit elements, ASICS or other integrated circuits, hard 
wired electronic or logic circuits Such as discrete element 
circuits, programmable logic devices Such as FPGA, PLD, 
PLA or PAL or the like. In general, any device on which a 
finite State machine capable of executing code for imple 
menting the process steps of FIGS. 3 and 7 can be used to 
implement the ITR system 130. 
0141 Input channel 110 may be, include or interface to 
any one or more of, for instance, the Internet, an intranet, a 
PAN (Personal Area Network), a LAN Local Area Network), 
a WAN (Wide Area Network) or a MAN (Metropolitan Area 
Network), a storage area network (SAN), a frame relay 
connection, an Advanced Intelligent Network (AIN) con 
nection, a synchronous optical network (SONET) connec 
tion, a digital T1, T3, E1 or E3 line, Digital Data Service 
(DDS) connection, DSL (Digital Subscriber Line) connec 
tion, an Ethernet connection, an ISDN (Integrated Services 
Digital Network) line, a dial-up port such as a V.90, V.34 bis 
analog modem connection, a cable modem, and ATM (ASyn 
chronous Transfer Mode) connection, or an FDDI (Fiber 
Distributed Data Interface) or CDDI (Copper Distributed 
Data Interface) connection. Input channel 110 may further 
more be, include or interface to any one or more of a WAP 
(Wireless Application Protocol) link, a GPRS (General 
Packet Radio Service) link, a GSM (Global System for 
Mobile Communication) link, CDMA (Code Division Mul 
tiple Access) or TDMA (Time Division Multiple Access) 
link such as a cellular phone channel, a GPS (Global 
Positioning System) link, CDPD (Cellular Digital Packet 
Data), a RIM (Research in Motion, Limited) duplex paging 
type device, a Bluetooth radio link, or an IEEE 802.11-based 
radio frequency link. Input channel 110 may yet further be, 
include or interface to any one or more of an RS-232 serial 
connection, an IEEE-1394 (Firewire) connection, a Fiber 
Channel connection, an IrDA (infrared) port, a SCSI (Small 
Computer Systems Interface) connection, a USB (Universal 
Serial Bus) connection or other wired or wireless, digital or 
analog interface or connection. 
0142. The foregoing embodiments and advantages are 
merely exemplary, and are not to be construed as limiting the 
present invention. The present teaching can be readily 
applied to other types of apparatuses. The description of the 
present invention is intended to be illustrative, and not to 
limit the Scope of the claims. Many alternatives, modifica 
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tions, and variations will be apparent to those skilled in the 
art. Various changes may be made without departing from 
the Spirit and Scope of the present invention, as defined in the 
following claims. 

What is claimed is: 
1. A method of identifying a threat object of interest in 

X-ray image data, comprising: 
receiving the X-ray image data; and 
applying at least one bifurcation transform to the X-ray 

image data to effect divergence of the threat object of 
interest from other objects. 

2. The method of claim 1, wherein the at least one 
bifurcation transform comprises a Series of bifurcation trans 
forms. 

3. The method of claim 1, wherein the at least one 
bifurcation transform comprises at least one point operation. 

4. The method of claim 3, wherein the at least one point 
operation is at least partially a non-linear point operation. 

5. The method of claim 3, wherein the at least one point 
operation comprises at least one nodal point. 

6. The method of claim 5, wherein the at least one nodal 
point is adjusted So as to effect the divergence of the threat 
object of interest from other objects. 

7. The method of claim 1, wherein the at least one 
bifurcation transform is adapted to maintain an integrity of 
the threat object of interest during divergence of the threat 
object of interest from other objects. 

8. The method of claim 1, further comprising generating 
a threat output image based on the results of the at least one 
bifurcation transform. 

9. The method of claim 8, wherein the threat object of 
interest is distinguished from other objects in the output 
image by adjusting a visual parameter of the threat object of 
interest and other objects based on the results of the at least 
one bifurcation transform. 

10. The method of claim 1, wherein the X-ray image data 
comprises nonparametric image data. 

11. The method of claim 1, wherein the X-ray image data 
comprises parametric image data. 

12. The method of claim 1, wherein the threat object of 
interest is Statistically indistinguishable from other objects in 
the X-ray image data. 

13. The method of claim 1, wherein the threat object of 
interest comprises a plurality of types of threat objects, 
wherein each type of threat object comprises at least one 
member. 

14. The method of claim 13, wherein the at least one 
bifurcation transform is generated for each member of the 
threat objects. 

15. The method of claim 13, wherein the type of threat 
objects include explosives, weapons, restricted items, bio 
logical agent or materials, or chemical materials. 

16. The method of claim 1, wherein the X-ray image data 
is Scanner data. 

17. The method of claim 1, wherein the X-ray image data 
includes a portion of an interior of a container. 

18. The method of claim 17, wherein the container 
includes baggage, clothing or a person. 

19. The method of claim 1, wherein the X-ray data 
comprises results from dual energy X-rays, at least one 
X-ray Source or multiple Scans of an input object. 
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20. An apparatus configured to identify a threat object of 
interest in X-ray image data, comprising: 

an input device configured to receive the X-ray image 
data; and 

an image transformation recognition System configured to 
apply at least one bifurcation transform to the X-ray 
image data to effect divergence of the threat object of 
interest from other objects. 

21. A method of creating a bifurcation transform for a 
class of threat objects, comprising: 

Selecting a point operation; 
performing Said point operation on a Subset of images, 

wherein Said Subset of images includes at least one 
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image containing an object in Said class of threat 
objects, and 

repeating Said Selecting and Said performing StepS until 
Said point operation bifurcates Said object. 

22. The method of claim 21, wherein Said point operation 
bifurcates Said object by increasing differentials in response 
characteristics among objects in Said class of threat objects 
relative to other objects in Said Subset of images. 

23. The method of claim 21, wherein said class of threat 
objects comprises a plurality of types of threat objects, 
wherein each type of threat object comprises at least one 
member. 


